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(54) Apparatus for and method of correcting output signal of linear Image sensor 



(57) An odd- and, even-numbered pixel level differ- 
ence correction process with respect to a linear image 
sensor is carried out by a successive three pixel 
weighted moving average calculating unit (71) accord- 
ing to the equation: 



Sc = (S + U)J2 = {S • 
= (Sp + 2S + Sa)/4 



(Sp + Sa)/2}/2 



where S represents a pixel signal to be corrected. Sc a 
conrected pixel signal. Sp a preceding pixel signal which 
precedes the pixel signal to be corrected. Sa a following 
pixel signal which follows the pixel signal to te cor- 
rected, and U an average of the preceding and following 
pixel signals. The odd- and even-numbered pixel level 
difference conection process can produce corrected 
image data whose waveform center of gravity remains 
positionally unshifted unlike a conventional correction 
process which corrects a pixel signal using only the 
pixel signal to be corrected and the preceding pixel sig- 
nal. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to an apparatus for 
and a method of correcting an output signal from a lin- 
ear image sensor such as a CCD (charge-coupled 
device) in an image reading system. 

Description of the Related Art: 

Image reading systems operate by applying illumi- 
nating light to a subject placed on a subject table, guid- 
ing light representing image information carried by the 
subject as reflected or transmitted light to a focusing 
optical system, and photoelectrical ly reading the light 
with a linear image sensor such as a CCD or the like. 
The subject is read in a main scanning direction by the 
linear inr^ge sensor while at the same time the subject 
is moved relatively to the linear image sensor in an aux- 
iliary scanning direction that is substantially perpendic- 
ular to the main scanning direction, so that two- 
dimensional image information can be produced. 

As schematically shown in FIG. 6 of the accompa- 
nying drawings, a general linear image sensor 1 basi- 
cally comprises a pholodetector 2 comprising a linear 
array of photoelectric transducer elements (hereinafter 
referred to as "pixels") P and a pixel transfer unit 3 com- 
prising an odd-numbered pixel transfer an-ay 3o and an 
even-numbered pixel transfer array 3e which are posi- 
tioned one on each side of the photodetector 2. The pix- 
els P include odd-numbered pixels Po and even- 
numbered pixels Pe. The pixel transfer unit 3 is covered 
with a metal film (not shown) such as an evaporated alu- 
minum film or the like which shields the pixel transfer 
unit 3 from light L. 

The light L which is detected by the photodetector 2 
is converted into electric charges by the respective pix- 
els R The electric charges are successively shifted from 
the odd-and even-numt>ered pixels Po, Pe to the corre- 
sponding odd-and even-numbered pixel transfer arrays 
3o. 3e in response to shift pulses that are periodically 
generated at constant time intervals. Thereafter, the 
electric charges are outputted as odd- and even-num- 
bered pixel signals So. Se from odd- and even-num- 
bered output sections 4o. 4e of PDAs (floating diffusion 
amplifiers) or the like through respective output termi- 
nals of the linear image sensor 1 . 

The odd- and even-numbered pixel signals So, Se 
are alternately read through a variable-gain anrplifier 
and a selector swvitch (not shown), and then converted 
by an A/D (analog-to-digital) converter (not shown) into 
a digital inrage signal, which is then stored in a line 
memory or the like. 

Even when the odd- and even-numbered pixel sig- 
nals So. Se are adjusted by the variable-gain amplifier 
such that their output amplitudes are equalized to each 



other under a certain constant light intenaty of the light 
L. the digital image signal stored in the line memory has 
different levels respectively for the odd- and even-num- 
bered pixel signals So, Se because of linearity differ- 

5 ences of the odd- and even-numbered pixel signals So, 
Se. i.e., different changes in the amplitudes of the elec- 
tric charges with respect to a small change in the light 
intensity. Specifically, if the odd- and even-numbered 
pixel signals So. Se are observed for their waveforms, 

w then their levels suffer rectangular wave ripples. When 
an image is reproduced on the basis of the inrrage sig- 
nal, therefore, it contains periodic longitudinal stripes 
along the auxiliary scanning direction. 

Therefore, an actual halftone<lot image outputted 

15 on the basis of the image signal contains a beat pattern 
produced by the superimposition of the periodic stripes 
and properties due to screen angles and screen ruling. 

To eliminate the above shortcomings, it has been 
customary to carry out an odd- and even-numbered 

20 pixel level difference correction process with respect to 
the linear image sensor 1. According to the conven- 
tional odd- and even-numbered pixel level difference 
correction process, a corrected pixel signal Sc is deter- 
mined from a pixel signal S which is to be corrected and 

25 a pixel signal Sp which precedes the pixel signal S, 
according to a moving average of the pixel signals S. Sp 
which is expressed by the following equation (1): 



30 



Sc = (Sp^-S)/2 



(1) 



The odd- and even-numbered pixel level difference cor- 
rection process based on the equation (1), however, is 
disadvantageous in that if an original image contains 
thin longitudinal stripes along the auxiliary scanning 
35 direction, then a reproduced image based on pixel sig- 
nals corrected by the odd- and even-numbered pixel 
level difference correction process tends to be blurred 
due to a degradation of MTF (modulation transfer func- 
tion). 

40 In an attempt to minimize any degradation of MTF, 
the applicant of the present application has noticed that 
human visual perception has a low MTF with respect to 
a low-density area of a reproduced image (a highlight 
area of an original image) and a high MTF with respect 

45 to a high-density area of the reproduced image (a 
shadow area of the original image), and proposed a cor- 
rection process for correcting pixel signals with moving 
averages of a constant weighting coefficient in a high- 
density area where the density is higher than a value of 

50 2.0 and correcting pixel signals with moving averages of 
progressively smaller weightng coefficients in a low- 
density area where the density is lower than the value of 
2.0. 

FIG. 7 of the accompanying drawings shows such 
55 weighting coefficients k used in the proposed connection 
process. In FIG. 7, the weighting coefficients k are rep- 
resented by the vertical axis, and the density D repre- 
sented by the horizontal axis becomes progressively 
smaller toward a highlight (HL) area and larger toward a 
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Shadow (SD) area. The luminance of the original image, 
which is represented by the horizontal axis, becomes 
progressively larger toward the highlight (HL) area and 
smaller toward the shadow (SD) area. According to the 
proposed correction process, a corrected pixel signal Sc 5 
is determined from two pixel signals S, Sp based on a 
moving average thereof using a weighting coefficient k, 
according to the toliowing equation (2): 

Sc = S - k{S - (S + Sp)/2} (2) 10 

As can be understood from FIG. 7 and the equation 
(2), in a der^ity area where the density D is higher than 
D = Da (actually. D = Da = 2.0), the weighting coefficient 
k has a value of 1 . and hence the corrected pixel signal is 
Sc is determined according to the equation (1). In a 
density area where the density D is lower than D = Db 
(actually. D = Db - 1 .0), since the weighting coefficient k 
has a value of 0, the corrected pixel signal Sc is the 
same as the pixel signal Sc to be con-ected (Sc = S). In 20 
a density area between the density Db and the density 
Da. the weighting coefficient k of the moving average is 
progressively larger from the density Db toward the den- 
sity Da. 

When level differences between the odd- and even- 25 
numbered pixel signals So, Se outputted from the linear 
Image sensor 1 are corrected by moving averages of 
two successive pixel signals depending on the density 
D. any MTF degradations in an Image which contains 
thin longitudinal stripes along the auxiliary scanning 30 
direction are minimized to a level which cannot visually 
be perceived. 

However, if the linear image sensor 1 has a greater 
dynamic range for finer reproduced images, then the 
conection process based on the equation (2) suffers 3S 
problems. Specifically, according to the conection proc- 
ess based on the equation (2). the moving averages of 
two successive pixel signals are used as conrected 
image data in the low-density area where the density D 
is lower than the value D = Da. As shown in FIG. 8 of the 40 
accompanying drawings, the corrected image data thus 
produced is equivalent to a shift of the output image 
data by one half of a pixel in the main scanning direc- 
tion. In the high-density area where the density D is 
higher than the value D = Da. because the pixel signals 45 
are not conected. the output image data Is not shifted. 
As a consequence, the reproduced Image is subject to 
a one-sided edge phenomenon. 

Such a one-sided edge phenomenon will be 
described in detail below. The image data of a repro- so 
duced image at a positive-going edge thereof in the 
main scanning direction is smaller than the original 
image data which are not corrected due to a data-reduc- 
ing image data shift by half pixel in the main scanning 
direction, and the inrage data of a reproduced image at ss 
a negative-going edge thereof in the nrnin scanning 
direction is larger than the original image data which is 
not corrected due to a data-inaeasing image data shift 
by half pixel In the main scanning direction. If a pixel sig- 



nal which is outputted from the linear image sensor 1 
with a greater dynamic range as representing a thin lon- 
gitudinal stripe Is corrected according to the correction 
process based on the equation (2), then the edge of the 
reproduced stripe image at a rear side thereof in the 
main scanning direction is blurred. As a result, the 
waveform of ttie reproduced stripe image has its center 
of gravity positlonally shifted from the original image 
waveform In the main scanning direction. 

SUMMARY OF THE INVENTION 

It Is therefore an object of the present invention to 
provide an apparatus for and a method of correcting an 
output signal from a linear image sensor in a manner to 
prevent it from suffering a one-sided edge phenome- 
non, i.e.. prevent the center of gravity of a reproduced 
image from being positlonally shifted after the output 
signal has been processed by an odd- and even-num- 
bered pixel level difference correction process. 

Another object of the present Invention is to provide 
an apparatus for and a method of con-ecting an output 
signal from a linear image sensor in a manner to prevent 
the center of gravity of a reproduced image from being 
positlonally shifted after the output signal has been 
processed by an odd- and even-numbered pixel level 
difference correction process, and to effect the odd- and 
even-numbered pixel level difference correction process 
depending on the contents of an original image. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate a pre- 
ferred embodiment of the present invention by way of 
example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of an Image reading 
system to which the present invention is applied; 
FIG. 2 is a block diagram of a signal correcting 
apparatus according to the present invention; 
FIG. 3 is a block diagram of a signal correcting cir- 
cuit of the signal correcting apparatus shown in 
FIG. 2; 

FIG. 4 is a diagram illustrate of a process of deter- 
mining a moving averages of three pixel signals; 
FIG. 5 is a diagram illustrative of a correction proc- 
ess depending on the density and contrast; 
FIG. 6 a perspective view of a general linear image 
sensor; 

FIG- 7 is a diagram illustrative of weighing coeffi- 
cients used in a converrtional process of determin- 
ing moving averages of pixel signals; and 
FIG. 8 is a diagram illustrative of problen« of a con- 
ventional process of determining a moving average 
of two successive pixel signals. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will be described below with 
reference to FIGS. 1 through 5. Those parts of FIGS. 1 s 
through 5 which are Identical to those shown in FIGS. 6 
through 8 are denoted by identical refa^ence numerals 
and representations, and will not be described in detail 
below. FIGS. 6 through 8 will also be referred to when 
necessary in the description of the present invention. io 

FIG- 1 schematically shows an image reading sys- 
tem 10 to which the present invention is applied. The 
image reading system 10 has a feed mechanism 11 
which moves a subject cassette 12 in the direction Indi- 
cated by the arrow Y (auxiliary scanning direction Y) is 
and an illuminating optical system (illuminating light 
source) 14 which applies illuminating light to the subject 
cassette 12 in the direction indicated by the arrow X 
(main scanning direction X or line direction X). Image 
information recorded on a trar^nrrissive subject F which 20 
is carried by the subject cassette 12 is carried by trans- 
mitted light U which is focused by a focusing optical sys- 
tem 1 6 comprising a plurality of converging lenses onto 
a focusing unit 18. The focusing unit 18 converts the 
focused light L to an electric signal. 25 

The illuminating optical system 14 comprises a 
cylindrical diffusion chamber 22 having an inner light dif- 
fusion surface and a longitudinal slit 20, and a pair of 
light sources 24a, 24b mounted on the respective oppo- 
site ends of the cylindrical diffusion chamber 22 and 30 
each comprising a halogen lamp or the like. 

The focusing unit 18 comprises a plurality of prisms 
32a - 32c mounted on a lower surface of a base 28 hav- 
ing a slit 31 defined therein. The prisms 32a - 32c serve 
to separate the transmitted light into lights R, G, B. Lin- 35 
ear image sensors 1 a - 1 c in the form of CCDs are fixed 
as photoelectric transducers to the respective prisnre 
32a - 32c. Each of the linear image sensors la - 1c is 
basically of the same structure as the linear image sen- 
sor shown in FIG. 6. 40 

Odd- and even-numbered pixel signals So. Se out- 
putted from the linear image sensors la - 1c are sup- 
plied through a flexible printed circuit to a signal 
processing board 34. 

The linear image sensors 1 a - 1 c effect an identical 45 
process of odd- and even-numbered pixel level differ- 
ence correction as described below. The linear image 
sensors 1a - 1c will therefore be referred to collectively 
as a linear innage sensor 1 unless they should sepa- 
rately be described. so 

FIG. 2 schematically shows the linear image sensor 
1 of the focusing unit 18 and a sigiial correcting appara- 
tus according to the present invention for correcting 
level differences between the odd- arxi even-numbered 
pixel signals So. Se that are outputted from the linear ss 
image sensor 1. 

As shown in FIG. 2 (see also FIG. 6), the trar^mit- 
ted light which carries the image information detected 
by the photodetector 2 Is converted by the photoelectric 



transducer pixels P into electric charges, which are suc- 
cessively shifted from the odd- and even-numbered pix- 
els P (PI. P2, P3. P4. • • •) to the corresponding odd- 
and even-nunnbered pixel transfer arrays 3o. 3e in 
response to shift pulses that are periodically outputted 
from a timing generator (timing controller) 51 . Thereaf- 
ter, the electric charges are outputted as odd- and even- 
numbered pixel signals So, Se from odd- and even- 
numbered output sections 4o, 4e of PDAs (floating diffu- 
sion amplifiers) or the like through respective output ter- 
minals of the linear image sensor 1 in response to 
transfer dock pulses from the timing generator 51 . 

The odd- arKi even-numbered pixel signals So, Se 
are supplied through variatMe-gain amplifiers 52, 53 and 
a selector switch (multiplexer) 54, which are on the sig- 
nal processing board 34. alternately in the sequence of 
pixels (PI. P2. • • •) to an A/D (analog-to-digital) con- 
verter 55 having a 14-bit resolution. The A/D converter 
55 converts the odd- and even -numbered pixel signals 
So. Se. which are analog signals, to digital image sig- 
nals Sd that are supplied to a signal correcting circuit 56 
which serves as an odd- and even-numbered pixel level 
difference correction circuit. 

For faster signal processing. A/D converters 55 
may be connected parallel to each other to the output 
terminals of the respective variable-gain ampirfiers 52. 
53. and output digital signals from the A/D converters 55 
may be switched by the multiplexer 54. 

FIG. 3 shows the signal correcting circuit 56 as an 
odd- and even-numbered pixel level difference correc- 
tion circuit In greater detail. 

As shown in FIG. 3. the image signals Sd are sup- 
plied from the A/D converter 55 through an input port 
60. The image signals are stored in FIFO shift registers 
(storage means referred to as registers) 61 , 62, 63 serv- 
ing as memory means under the control of a CPU (con- 
trol means). If the register 62 stores the level S of a pixel 
signal S, then the register 63 stores the level Sp of a 
pixel signal (preceding pixel signal) Sp which precedes 
the pixel signal S. and the register 61 stores the level Sp 
of a pixel signal (following pixel signal) Sa which follows 
the pixel signal S. 

In synchronism with a pixel dock pulse from the tim- 
ing generator 51 . the level Sp of the pixel signal Sd of a 
certain pixel Pp (see FIG. 2) is stored in the register 61 . 
Then, in synchronism with a next pixel clock pulse, the 
level Sp stored in the register 61 is shifted to the register 
62. and the level S of the pixel signal Sd of a next pixel 
P is stored in the register 61 . In synchronism with a next 
pixel clock pulse, the levels Sp, S are shifted from the 
registers 62, 61 respectively to the registers 63, 62. and 
the level Sa of the pixel signal of a next pixel Pa is stored 
in the register 61. Subsequently, each time a new pixel 
block pulse is applied, the pixel signals stored in the reg- 
isters 61 . 62. 63 are updated in the manner described 
atx>ve. 

When the pixel signal S stored in the central regis- 
ter 62 is an odd-numbered pixel signal So (though it is 
denoted by "So" used for an analog pixel signal in FIG. 
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2. it is actually a digital signal when stored in the regis- 
ter), the pixel signals stored in the registers 61. 63 on 
the opposite sides of the central register 62 are even- 
nun^ered pixel signals Se (though they are denoted by 
"Se" used for analog pixel signals in FIG. 2. they are 
actually digital signals when stored in the registers). 
When the pixel signal S stored In the central register 62 
is an even-numbered pixel signal Se. the pixel signals 
stored in the registers 61 , 63 are odd-numbered pixel 
signals So. 

The three successive pixel signals Sp. S, Sa are 
supplied to a successive three pixel weighted moving 
average calculating unit (calculating means) 71. The 
successive three pixel moving average calculating unit 
71 calculates a weighted moving average of three sue* 
cessive pixels according to the equation (3), given 
below, and outputs a level Sc of a calculated pixel signal 
Sc. 

Sc = (S -h U)^ = {S + (Sp + Sa)/2)/2 (3) 
= (Sp + 2S + Sa)/4 

where U represents the average level of the preceding 
pixel signal Sp preceding the pixel signal S and the fol- 
lowing pixel signal Sa following the pixel signal S. 

In FIG. 3. the pixel signal S is supplied from the reg- 
ister 62 to a terminal 72b of a selector switch or multi- 
plexer (selecting means) 72, and the calculated pixel 
signal (corrected pixel signal) Sc is supplied from the 
successive three pixel weighted moving average calcu- 
lating unit 71 to another terminal Sc of the selector 
switch 72. The selector switch 72 has a control signal 
72d supplied with a selection control signal SE from a 
three-input AND gate (logic means) 73 which is part of 
the selecting means. The selector switch 72 also has a 
common terminal 72a which is selectively connected to 
the terminal 72c when the selection signal SE is of a 
high level and to the terminal 72b when the selection 
signal SE is of a low level. 

The pixel signal S or a corrected pixel signal S' 
which is the calculated pixel signal Sc is outputted from 
the selector switch 72 to an output terminal 74 for fur- 
ther processing. 

The preceding and following pixel signals Sp, Sa 
are supplied from the registers 63, 61 to a density calcu- 
lating unit 75 and a contrast calculating unit 76. The 
density calculating unit 75 calculates a density depend- 
ent signal Dx (which is the same as the average U) 
according to the equation (4). given below, and supplies 
the density dependent signal Dx to a comparator 77. 
The contrast calculating unit 76 calculates a contrast 
dependent signal Cx according to the equation (5), 
given below, and supplies the contrast dependent signal 
Cx to a comparator 78. 

Dx = (Sp + Sa)/2 (4) 

Cx = |Sp - Sal (5) 



In the illustrated embodiment, when the density 
dependent signal Dx which is a luminance signal has a 
large value, it represents a low density (a highlight area 
of the original image), and when the density dependent 

5 signal Dx has a small value, it represents a high density 
(a shadow area of the original image) (see the horizon- 
tal axis of FIG- 5). 

A desired reference density signal (reference den- 
sity) Dr (whose value or level is also denoted by Dr), 

10 serving as a first reference value, is supplied from a 
density input unit 81 comprising a data input unit such 
as a keyboard to the comparator 77. A desired refer- 
ence contrast signal Cr (whose value or level is also 
denoted by Cr), serving as a second reference value, is 

15 supplied from a contrast input unit 82 to the comparator 
78. A correction on/off switch 83 outputs a correction 
on/off signal G3 (Gi3 = 1 (high level) for turning on the 
correction process, and = 0 (low level) for turning off 
the correction process) to an input terminal of the three- 

20 input AND gate 73. 

The comparator 77 compares the density depend- 
ent signal Dx with the reference density signal Dr. and 
outputs a binary comparison result signal G1 according 
to the formulas (6). given below. The comparator 78 

25 compares the contrast dependent signal Cx with the ref- 
erence contrast signal Cr, and outputs a binary compar- 
ison result signal G2 according to the formulas (7). 
given below. 

30 Dx ^ Dr ^ G1 = 0 

Dx < Dr ^ G1 = 1 (6) 

Cx ^ Cr ^ G2 = 0 

35 

Cx < Cr ^ G2 = 1 (7) 

In the illustrated emtxxliment. as shown in FIG. 5. 
the reference density level Dr is set to the density D = 
40 1.0, i.e., a value of 1600 in terms of a 14-bit luminance 
level, and the contrast density level Cr is set to a value 
of 500 in terms of a 14-bit luminance level. The refer- 
ence density level Dr and the contrast density level Cr 
are determined in view of the overall characteristics of 
45 an image reading and platemaking system including a 
halftone dot image output apparatus (not shown) con- 
nected to the image reading system 1 0 shown in FIG. 1 . 

When all the comparison result signals G1 , G2 and 
the correction on/off signal G3 are high in le/el, the 
so selection control signal SE from the 3-input AND gate 
73 goes high in level, causing the selector switch 72 to 
output the calculated pixel signal Sc as the corrected 
pixel signal S*. When either one of the comparison result 
signals G1 , G2 and the correction on/off signal G3 is low 
55 in level, the selection control signal SE from the 3-input 
AND gate 73 goes low in level, causing the selector 
switch 72 to output the original pixel signal S as the cor- 
rected pixel signal S\ 

Operation of the image reacfing system 10 including 
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the signal correcting apparatus according to the present 
invention will be described below. 

The odd- and even-numbered pixel signals So, Se 
outputted from the linear image sensor 1 in response to 
the application of the light L that has passed through the 
transmissive subject F are alternately introduced in the 
sequence of pixels by the selector switch 54, and con- 
verted by the 14-bit A/D converter 55 to digital image 
signals Sd that are supplied to the signal correcting cir- 
cuit 56, which effects the following correction process 
on the digital image signals Sd: 

Three successive pixel images Sp. S. Sa are suc- 
cessively stored in the respective registers 61 . 62, 63. 

For generating a corrected image signal S* with 
respect to the pixel signal S to be corrected, a moving 
average signal Sc relative to the three successive pixel 
images Bp, S, Sa is produced according to the equation 
(3). 

The density calculating unit 75 calculates a density 
dependent signal Dx according to the equation (4) 
which represents an average of the preceding and fol- 
lowing pixels signals Sp. Sa. The signal correcting cir- 
cuit 56 outputs the moving average signal Sc as the 
con-ected image signal S* In view of the fact that the 
MTF of the human visual perception is high when the 
density of an image is high. Specifically, the signal cor- 
recting circuit 56 outputs the moving average signal Sc 
as the corrected image signal S* when the density of the 
reproduced image is high, i.e., higher than the density D 
- 1 .0 or the corresponding luminance is lower than the 
reference luminance level Dr = 1 600. and also when the 
level of the contrast dependent signal Cx obtained as 
the difference between the preceding and following pixel 
signals Bp. Sa is smaller than the reference contrast 
level Cr = 500 (i.e., a hatched area "ON" in FIG. 5). or 
stated othenA/ise, when longitudinal stripes at a constant 
pitch which are caused on the Ijasis of level differences 
between the odd- and even-numbered pixel signals 
because the density difference (luminance density) is 
small are nnore likely to be visually perceptible, the sig- 
nal correcting circuit 56 outputs the moving average sig- 
nal Sc relative to the three successive pixel signals as 
the corrected image signal S*. 

Consequently, the longitudinal stripes at a constant 
pitch which are caused on the basis of level differences 
between the odd- and even-numbered pixel signals are 
made less visually perceptible to the observer of the 
reproduced image. Since the corrected image signal S' 
= Sc represents a moving average of the three succes- 
sive pixel signals including the pixel signal to be cor- 
rected, the waveform of the corrected image signal S* = 
Sc has its center of gravity positionally unshrfted. 

When the density dependent signal Dx, which is an 
average of the preceding and following pixel signals Sp, 
Sa. is larger than the reference luminance level Dr = 
1600, i.e.. the density D is lower than the density D = 1 
or the luminance is closer to the highlight area of the 
origiral image, or when the contrast dependent signal 
Cx is higher than the reference contrast level Cr = 500 



(i.e.. an unhatched "OFF" area in FIG. 5), the signal cor- 
recting circuit 56 outputs the pixel signal S as the cor- 
rected image signal S*. Under this condition, the 
reproduced image remains as sharp as the original 
5 image. 

Based on the corrected pixel signal S', halftone-dot 
% data of C. M, Y. K are generated and converted into 
binary bit-map data based on desired screen angles 
and screen ruling. Then, halftone dot Image films are 

10 generated on the basis of the binary data and presen- 
sitized plates are produced from the halftone dot image 
films. Thereafter, a printed document carrying a repro- 
duced halftone dot image is created using the presenst- 
tized plates. On the printed document, the reproduced 

15 halftone dot image is free of blurred image areas due to 
a one-sided edge phenomenon, and hence constitutes 
an accurate representation of the original image, which 
remains as sharp and fine as the original image. 

As described above, final values of the reference 

20 density level Dr and the contrast density level Cr should 
preferably be determined through image quality evalua- 
tions in view of the overall characteristics of the image 
reading and platemaking system. 

In the above embodiment, the correction process is 

25 carried out using luminance signals. However, the cor- 
rection process may be carried out using density signals 
converted from the luminance signals. 

With the arrangement of the present invention, as 
described atx)ve, a pixel signal outputted from the linear 

30 image sensor is corrected according to the odd- and 
even-numbered pixel level difference correction process 
using the levels of three successive pixel signals includ- 
ing the pixel signal as the central pixel signal. Stated 
othenvise, the pixel signal is corrected by processing 

35 the level of the pixel signal to be corrected and the levels 
of the other pixel signals that precede and follow the 
pixel signal to be corrected. As a result, the center of 
gravity of the waveform of the connected image or pixel 
signal is not positionally shifted unlike the conventional 

40 correction process which uses only the pixel signal to be 
corrected and the pixel signal that precedes the pixel 
signal to be corrected. 

The level Sc of a corrected pixel signal is calculated 
by the following equation: 

45 

Sc = (Sp + 28 + Sa)/4 

where S represents the level of a pixel signal to be cor- 
rected. Sp the level of a pixel signal which precedes the 

50 pixel signal to be corrected, and Sa the level of a pixel 
signal which follows the pixel signal to be corrected. 
Consequently, the odd- and even-numbered pixel level 
diffa^ence correction process can be performed by rela- 
tively simple calculations, and the center of gravity of 

55 the waveform of the corrected pixel signal remains posi- 
tionally ur^hifted. 

Furthermore, the pixel signal to be corrected or the 
corrected pixel signal is selected and outputted on the 
basis of the average of and the difference tDetween the 
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pixel signals preceding and following the pixel signal to 
be corrected. Therefore, whether the pixel signal to be 
corrected or the corrected pixel is to be selected and 
outputted can be determined on the basis of the density 
of an image corresponding to the average of the preced- 5 
ing and following pixel signals and the contrast of an 
image corresponding to the difference between the pre- 
ceding and following pixel signals. As a resutt. the odd- 
and even-numbered pixel level difference correction 
process can be performed on the linear image sensor 10 
accurately depending on the contents of the original 
image. 

When the average {(Sp + Sa)/2} of the levels of the 
preceding and following pixel signals is relatively small 
(smaller than the first reference value Dr), i.e., the den- is 
sity of the original image is high, and also when the 
absolute value of the difference (Sp - Sa) between the 
levels of the preceding and following pixel signals is rel- 
atively small (smaller than tiie second reference value 
Cr). i.e., the contrast is small, or stated otherwise, when 20 
longitudinal stripes which are caused on frie basis of 
level differences between the odd- and even-numbered 
pixel signals are more likely to be visually perceptible, 
the level Sc of the corrected pixel signal is outputted. 
OthenMse, the level S of the pixel signal to be corrected, 25 
i.e.. the uncorrected pixel signal, is outputted. Thus, the 
center of gravity of the waveform of the con-ected pixel 
signal remains positionally unshifted, and whether the 
pixel signal to be corrected or the corrected pixel is to be 
selected and outputted can be determined on the basis 30 
of the density of an image corresponding to the average 
of the preceding and following pixel signals and the con- 
trast of an image corresponding to the difference 
between the preceding and following pixel signals. 

To put it more generally, only when the average of 35 
the levels of pixel signals preceding and following a pixel 
signal to be corrected is relatively small, i.e., the density 
of an original image is high, and when the absolute 
value of the difference between those preceding and fol- 
lowing pixel signals is relatively small, i.e., the contrast 40 
of the original inrage is small, or state othenwise. only 
when visually perceptible longitudinal stripes caused on 
the basis of level differences between the odd- and 
even-numbered pixel signals are predicted, a moving 
average signal relative to three successive pixel signals 45 
is used as a corrected pixel signal for thereby removing 
an wanted stepwise change from an output image in the 
presence of the level differences between the odd- and 
even-numbered pixel signals. \/Vhen the density of the 
original image is low or the contrast thereof is high, so 
since any stepwise change in an output image owing to 
level differences between the odd-and even-nunrtbered 
pixel signals is not easily recognizable, the pixel signal 
to be corrected is outputted uncorrected. As a conse- 
quence, the reproduced image remains as sharp as the ss 
original image. 

Although a certain preferred embodiment of the 
present invention has been shown and described in 
detail, it should be understood that various changes and 



modifications may be made therein without departing 
from the scope of the appended daims. 

Claims 

1. An apparatus for correcting each of odd-numbered 
pixel signals (So) and even-numbered pixel signals 
(Se) outputted from a linear image sensor (1) and 
alternately read to produce an image signal (Sd), 
comprising: 

storage means (61 ~ 63) for storing a level (S) 
of a pixel signal to be con-ected and levels (Sp), 
(Sa) of preceding and following pixel signals 
which precede and follow said pixel signal to be 
corrected; and 

calculating means (71) connected to said stor- 
age means (61 - 63). for processing said level 
(S) of the pixel signal to be corrected and said 
levels (Sp). (Sa) of preceding and following 
pixel signals to produce a corrected pixel signal 
(Sc), and outputting the corrected pixel signal 
(Sc). 

2. An apparatus according to claim 1. wherein said 
calculating means (71) comprises means for deter- 
mining the level (Sc) of the corrected signal accord- 
ing to the equation: 

Sc = (Sp + 2S + Sa)/4 

where S represents the level of the pixel signal to 
be con-ected, Sp the level of the preceding pixel sig- 
nal, and Sa the level of the following pixel signal. 

3. An apparatus according to daim 1 , wherein said lin- 
ear image sensor comprises a CCD linear image 
sensor. 

4. An apparatus for conrecting each of odd-numbered 
pixel signals (So) and even-numbered pixel signals 
(Se) outputted from a linear image sensor (1) and 
alternately read to produce an image signal (Sd). 
comprising: 

storage means (61 63) for storing a level (S) 
of a pixel signal to be corrected and levels (Sp). 
(Sa) of preceding and following pixel signals 
which precede and follow said pixel signal to be 
corrected; 

calculating means (71) connected to said stor- 
age means (61 - 63). for processing said level 
(S) of the pixel signal to be con-ected and said 
levels (Sp). (Sa) of preceding and following 
pixel signals to produce a corrected pixel signal 
(Sc); and 

selecting means (72. 73, 75, 76, 77, 78) for 
selecting and outputting the pixel signal to be 
corrected or the corrected pixel signal (Sc) 
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based on an average (Dx) of and a difference 
(Cx) between the levels (Sp). (Sa) of preceding 
and following pixel signals. 

5. An apparatus according to daim 4, wherein said s 
calculating means (71) conriprises means for deter- 
mining the level (Sc) of the corrected signal accord- 
ing to the equation: 

Sc = (Sp + 2S + Sa)/4 10 

where S represents the level of the pixel signal to 
be corrected. Sp the level of the preceding pixel sig- 
nal, and Sa the level of the following pixel signal, 
and wherein said selecting means comprise means is 
for selecting and outputting the corrected pixel sig- 
nal (Sc) when the average {(Sp + Sa)/2} of the lev- 
els (Sp). (Sa) of the preceding and following pixel 
signals is smaller than a first reference value and 
the absolute value of the difference (Sp - Sa) 20 
between the levels (Sp). (Sa) of the preceding and 
following pixel signals is smaller than a second ref- 
erence value, and selecting and outputting the pixel 
signal to be corrected otherwise. 

25 

6. An apparatus according to claim 4, wherein said lin- 
ear image sensor comprises a CCD linear image 
sensor. 

7. A method of correcting each of odd-nunnbered pixel 30 
signals and even-numbered pixel signals outputted 
from a linear image sensor and alternately read to 
produce an image ^gnal, comprising the step of: 

processing a pixel signal to be corrected and 35 
preceding and following pixel signals which 
precede and follow said pixel signal to be cor- 
rected to produce a corrected pixel signal, and 
outputting said connected pixel signal. 

40 

8. A method according to claim 7, wherein said 
processing step comprises the step of calculating 
an average value of an average of said preceding 
and following pixel signals and said pixel signal to 

be corrected. 45 

9. A method according to claim 7. wherein said linear 
image sensor con^rises a CCD linear image sen- 
sor. 

50 

10. A method according to daim 8, further comprising 
the steps of outputting said average value as the 
corrected pixel signal when the density of the aver- 
age of said preceding and following pixel signals is 
higher than a predetermined density value and the 55 
contrast of said preceding and following pixel sig- 
nals is smaller than a predetermined contrast value, 
and outputting the pixel signal to be corrected as 
said corrected pixel signal otheoA^ise. 
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(54) Apparatus for and method of correcting output signal of linear image sensor 



(57) An odd- and even-nunnbered pixel level differ- 
ence correction process with respect to a linear image 
sensor is carried out by a successive three pixel 
weighted moving average calculating unit (71) accord- 
ing to the equation: 

Sc = (S + U)/2 = {S + (Sp + Sa)/2}/2 
= (Sp + 2S + Sa)/4 

where S represents a pixel signal to be corrected. Sc a 
corrected pixel signal. Sp a preceding pixel signal which 



precedes the pixel signal to be corrected, Sa a following 
pixel signal which follows the pixel signal to be cor- 
rected, and U an average of the preceding and following 
pixel signals. The odd- and even-numbered pixel level 
difference correction process can produce corrected 
image data whose waveform center of gravity remains 
positionally unshifted unlike a conventional correction 
process which corrects a pixel signal using only the 
pixel signal to be corrected and the preceding pixel sig- 
nal. 
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